INTRODUCTION {#sec1-1}
============

Since the da Vinci surgical system was initially approved by the US Food and Drug Administration in 2005 for the treatment of gynaecologic disorders, the use of minimally invasive surgery with robotic assistance has grown exponentially.\[[@ref1]\] Similar to conventional laparoscopic surgery, robotic surgery has been demonstrated to be associated with improved perioperative outcomes, shorter length of hospital stays and better quality of life as compared to laparotomy.\[[@ref2][@ref3][@ref4][@ref5]\] The robotic surgical approach addresses several restrictions that are associated with the conventional laparoscopic approach, including two-dimensional views, camera instability, a limited range of mobility for laparoscopic instruments, poor ergonomic positioning for the surgeon and steep learning curves. Indeed, the robotic surgical approach offers some advantages, such as improved three-dimensional visualisation, wristed instruments for improvement of dexterity, tremor elimination and shorter learning curves. All these improvements make using the robotic-assisted approach to perform surgical tasks more precise and safer for patients.\[[@ref6][@ref7]\] However, several shortcomings of using a robotic-assisted surgical platform remain, such as high cost, lack of tactile feedback and larger port size than in the laparoscopic approach. Some of these disadvantages might lead to an increase in operative complications.

Numerous studies have addressed the complications related to the conventional laparoscopic approach in the management of gynaecological disorders;\[[@ref8][@ref9]\] however, reports regarding complications that have occurred during robotic-assisted surgical procedures are still lacking. Because the application of a robotic platform in gynaecology is rapidly growing, accurate evaluations of the complication rates of robotic-assisted surgeries are crucial because they can help to determine whether using a robotic platform is truly feasible for treating gynaecological disorders, especially when oncologic conditions are present. Accordingly, the aim of this study was to evaluate overall and specific complications associated with robotic-assisted surgeries performed using three robotic arms by a single surgeon at a single institute.

MATERIALS AND METHODS {#sec1-2}
=====================

Between December 2011 and April 2015, 851 patients who received robotic-assisted surgery for management of gynaecologic disorders by a single surgeon at the Department of Obstetrics and Gynecology, at Taipei Medical University Hospital were retrospectively included in this study. Pathological diagnosis of all enroled cases was confirmed before operation. All robotic-assisted surgeries were performed using the da Vinci Si system (Intuitive Surgical, Inc., Sunnyvale, CA, USA). Patient demographics, including age, body mass index (BMI), disease stage for oncologic cases and prior surgical histories, were examined. Perioperative parameters including the volume of blood loss, operative time, length of hospital stay and type of complications, were evaluated. This study was conducted with the protocol approved by the Joint Institutional Review Board of Taipei Medical University.

All robotic-assisted procedures were performed with the patient in the lithotomy position under general anaesthesia. A uterine manipulator was routinely placed for adequate pelvic exposure, and a pneumoperitoneum was obtained. For the robotic-assisted surgeries, a 12-mm camera port was set 6 cm above the umbilicus, and two 8-mm robotic side ports were placed at 8--10 cm caudal-lateral to the scope for the side arms at each side of the patient, respectively. An auxiliary trocar which was set at 6--8 cm caudal-lateral to the left arm was required for complicated or oncologic cases.

Surgical staging procedures for management of endometrial cancer, included ascites cytology, total hysterectomy, bilateral salpingo-oophorectomy (BSO), bilateral pelvic lymph node dissection (BPLND) and para-aortic lymph node dissection (PALND), as described in our previous report.\[[@ref10]\] For management of ovarian cancer, surgical procedures, including ascites cytology, total hysterectomy, BSO, BPLND, PALND, omentectomy and appendectomy were performed.\[[@ref11]\] The surgeries performed for cervical cancer management included radical hysterectomy and BSO with the removal of bilateral pelvic lymph nodes as described previously.\[[@ref12]\] For total hysterectomy with or without adnexectomy, bilateral uterine artery ligation was performed as previously described,\[[@ref13]\] prior to the main procedure. For patients with large uteruses or myomas, we routinely removed the large uterus piece by piece using a scalpel through the vaginal opening, and immediately sutured the vaginal cuff transvaginally by hand.\[[@ref14]\] For myomectomy and oophorectomy or cystectomy, detached tissue was placed into synthetic endobags and minced by morcellation to avoid the spread of cellular material from the morcellated tissue.\[[@ref15]\]

The operation time was defined as the time from skin incision to closure, minus the docking time. The total volume of the fluids collected by suction constituted the volume of blood loss. Patients who were suffering from malignant cancers and benign conditions were admitted 2 days and 1 day before the operation day for colon preparation, respectively. Pre-operative computed tomography and magnetic resonance imaging examinations were completed before admission. The length of hospital stay was, therefore, defined as the number of post-operative days until the patient was discharged. Complications were categorised as being either intra-operative or post-operative events. The post-operative complications were further categorised as being either early (before 42 days post-operative) or late stage (more than 42 days post-operative) complications. Clavien-Dindo classification standards were also used to stratify complications into five grades based on the therapeutic and clinical effects.\[[@ref16]\]

RESULTS {#sec1-3}
=======

A total of 857 patients who were scheduled to receive robotic-assisted surgery were retrospectively reviewed for this study. However, six patients (0.7%) who were diagnosed with uterine leiomyomas or adenomyosis, and had initially planned to undergo robotic-assisted hysterectomy, were converted to conventional laparotomy due to severe adhesions. As a result, 851 patients were included in the study. The patient demographics are listed in [Table 1](#T1){ref-type="table"}. The median age and BMI were 46 years (range 22--89 years) and 22.2 kg/m^2^ (range 16.2--44.2 kg/m^2^), respectively. A total of 165 patients (19.3%) had undergone at least one peri-or abdominal-pelvic surgery. Surgical modalities included 109 staging surgeries for endometrial cancer (12.8%), 64 staging surgeries for ovarian cancer (7.5%), 42 radical hysterectomies for cervical cancer (4.9%), 370 total hysterectomies with or without adnexectomy for benign disorders (43.5), 144 oophorectomies or ovarian cystectomies for endometriosis (16.9%) and 122 myomectomies (14.3%).

###### 

Baseline characteristics of the enroled patients

![](JMAS-13-22-g001)

In [Table 2](#T2){ref-type="table"}, the surgical outcomes of all enroled cases are listed. The overall mean operative time and estimated blood loss were 149.7 ± 42.5 min and 133.6 ± 181.2 mL, respectively. The longest operative time and highest estimated blood loss were recorded after staging surgery for ovarian cancer and myomectomy, with a mean operative time of 179 min and blood loss at 204 mL, respectively. The mean length of hospital stay was 3.2 ± 3.1 days. The longest length of hospital stays was for those receiving staging surgeries for treatment of ovarian cancer, with an average length of hospital stay of 5.7 ± 8.7 days. The average weight of the uterus was 281.7 ± 233.9 g.

###### 

Surgical outcomes of the enroled patients for six different modalities

![](JMAS-13-22-g002)

The complication data for both intra-operative and post-operative issues, of all enroled cases from each surgical modality are shown in [Table 3](#T3){ref-type="table"}. Six patients (0.7%) scheduled for total hysterectomies were converted to conventional laparotomy due to severe adhesions. The overall complication rate was 5.5%, including intra-operative and post-operative complications. The complication rate for management of oncologic cases was 8.4% \[[Table 4](#T4){ref-type="table"}\]. Intra-operative complications including one case of ureter laceration and one case of bladder injury occurred during total hysterectomy. Five cases of bowel laceration occurred during total hysterectomy (*n* = 3) and the staging surgery for management of ovarian cancer (*n* = 2). However, these injuries were managed by a robotic surgery system, without conversion to any other surgical approach. Early post-operative complications (\<42 days post-operative) were observed in 34 patients. Included were instances of febrile morbidity (*n* = 2), urinary tract infection (*n* = 10), ileus (*n* = 6), pelvic inflammatory disease (*n* = 15) and vaginal cuff dehiscence (*n* = 1). Regarding late post-operative complications (after 42 days post-operative), six patients were examined, including 1 with vaginal cuff dehiscence, 2 with hydronephrosis, 1 with wound infection and 2 with ureterovaginal fistula.

###### 

Intra- and post-operative complications
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###### 

Complication rate for oncologic patients
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Complications according to the Clavien-Dindo classification were also reported in [Table 3](#T3){ref-type="table"}. Many patients\' early and late post-operative complications were spontaneously resolved by supporting treatment (Grade I). Patients who had urinary tract infections, pelvic inflammation or wound infections in the early or late post-operative period were discharged after conservative management with antibiotics (Grade II). For Grade III complications which were defined as cases requiring surgical intervention under anaesthesia, six patients were examined (0.7%), including those with cases of vaginal cuff dehiscence (*n* = 2), unilateral hydronephrosis (*n* = 2) and ureterovaginal fistula (*n* = 2). Among them, one patient with vaginal cuff dehiscence in the late post-operative period was examined after undergoing staging surgery for management of endometrial cancer. One patient with vaginal cuff dehiscence in the early post-operative stage and two with ureterovaginal fistula in the late post-operative stage were identified after they had undergone total hysterectomies. In addition, two patients experienced complications of unilateral hydronephrosis after undergoing staging surgery for treatment of cervical and ovarian cancers. In four cases, patients received a ureteral stent insertion due to ureterovaginal fistula and unilateral hydronephrosis. It was determined that no patient experienced severe complications leading to organ failure or death after receiving robotic-assisted surgery.

The classification of the complications according to surgical modality is shown in [Table 5](#T5){ref-type="table"}. The most frequent complications greater than or equal to Grade II among all the surgical procedures were urinary tract infections and pelvic inflammatory disease with an occurrence rate of 2.9%. These situations were resolved by supporting treatment with antibiotics.

###### 

Type of complications based on the treatment modality (Clavien-Dindo classification ≥2)
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DISCUSSION {#sec1-4}
==========

Robotic platforms have been well established in our institute since December 2011. During the 3½ years, over 1000 gynaecologic cases have been completed using the da Vinci Si surgical system. Among them, 857 patients who were diagnosed with gynaecological disorders, including benign and malignant tumours, have received robotic-assisted surgery by a single surgeon. Although numerous studies have demonstrated the feasibility of robotic-assisted surgery in gynaecology, the complications that occur during robotic surgery still draw physicians\' attention in gynaecological and surgical research. In the current investigation, we evaluated the complication rate of robotic-assisted surgery for the treatment of gynaecologic disorders, including benign and malignant tumours.

Several studies have demonstrated the feasibility and complications of robotic-assisted surgery for management of gynaecological disorders, including benign and malignant conditions. Wechter *et al*. reported that the overall complication rate was 21.6% (250 out of 1155 patients) in robotic-assisted gynaecological surgery, and 31.8% (70 out of 220 patients) in oncologic cases.\[[@ref17]\] Complications considered ≥3 according to Clavien-Dindo classification occurred in 5.2% of patients. Yim *et al*. also provided a peri-operative complication rate of 18.8% in 298 robotic-assisted gynaecological cases while reporting a complication rate of 16.1% (39/242) for oncologic cases.\[[@ref18]\] The rate of complications ≥ 3 according to Clavien-Dindo standards was 1.7% (5/298). In this study, the overall complication rate was 5.5% while the rate for oncologic cases was 8.4%. Only 6 patients were reported to have Clavien-Dindo rated complications ≥ 3 (0.7%). Complication rates of gynaecological surgery for oncologic patients were anticipated to be higher than those in benign cases due to extensive dissection and the broader surgical field. In this study, the rates of complications for oncologic and benign patients were 8.4% (18/215) and 4.6% (29/636), respectively. Similar results have been found in several previous studies.\[[@ref17][@ref18][@ref19]\] These results indicated that the complication rate in our cohort was acceptable as compared to other rates reported in previous studies.

In our cohort, the intra-operative complication rate was 0.8%. One case of ureter laceration, one case of bladder injury and three cases of bowel laceration occurred during complicated total hysterectomy. In addition, two cases of bowel perforation were reported in the staging surgery for the management of ovarian cancer. We found that these seven patients had prior pelvic surgical histories for the treatment of benign disorders such as myomectomy. Regarding adhesion severity, their scores were 4--6 according to an adhesion scoring system adopted from the Adhesion Scoring Group.\[[@ref20]\] In general, severe adhesions increase surgical difficulties resulting in an elevated complication rate, a high risk of conversion to laparotomy and an increased rate of readmission\[[@ref21]\] for endoscopic surgical approaches including robotic and laparoscopic modalities. In our experience, even though a robotic platform is feasible for the management of gynaecological conditions in patients with pelvic adhesions,\[[@ref14]\] selection of patients with severe adhesions for treatment using a robotic platform needs to be reconsidered.

Several studies have been conducted on the feasibility and safety of robotic-assisted myomectomy.\[[@ref22][@ref23]\] The overall peri-operative complication rates reported for these robotic-assisted surgical procedures were 13.8--19.5%, whereas what we reported here was 0.8% (1 out of 122 patients). In addition, the complication rate of robotic-assisted simple or complex hysterectomy for treatment of gynaecological benign disorders has previously been investigated.\[[@ref24][@ref25]\] Statistical analysis regarding benign hysterectomy performed using four different modalities, including abdominal, vaginal, laparoscopic and robotic procedures, was conducted by Luciano *et al*.\[[@ref24]\] The Premier Research Database, which collected numerous surgical outcomes of patients from 156 US hospitals, was utilised for the study. In the analysis, the overall complication rate of robotic-assisted hysterectomy was 14.8% (3077 out of 20781 patients). Moreover, Rosero *et al*. reported clinical outcomes of patients who underwent laparoscopic-and robotic-assisted hysterectomy for management of benign disorders using the Nationwide Inpatient Sample database.\[[@ref25]\] The complication rate of 8.8% (685 out of 7788 patients) was found. However, the complication rate of robotic hysterectomy in our cohort was 6.5% (24 out of 370 patients), indicating that robotic-assisted surgery for management of gynaecological benign conditions was a feasible approach with adequate complication rate.

There are numerous studies demonstrating the feasibility and complications of robotic surgery for treatment of malignant conditions. [Table 6](#T6){ref-type="table"} summarises the surgical outcomes from these published research studies and shows that the complication rate of our cohort was comparable to those published in previous studies. In these previous reports, the overall complication rate was reported at 6.8--41% (we reported 8.4% here). Conversion to laparotomy was reported as 0--6.8% (we reported no cases).

###### 

Surgical outcomes of robotic surgeries for oncologic patients

![](JMAS-13-22-g006)

Hysterectomy is applied for treatment of gynaecological disorders, including benign and malignant tumours. For selective patients who received robotic-assisted surgery, the uterus is usually removed from the vagina. The vaginal cuff is then closed endoscopically. In our experiences, once the uterus was extracted from the vagina, the vaginal cuff was instantly closed by hand through suturing transvaginally. The advantages of performing this procedure are as follows: (1) The pneumoperitoneum does not need to be maintained, (2) In the robotic surgical system, the needle holder is not required for the surgical procedure, which may decrease the costs for patients, (3) The risk of vaginal cuff dehiscence is decreased and (4) For treatment of benign conditions, an assistant port is not required for the surgical procedure. In this study, two cases of vaginal cuff dehiscence were reported, including one case in staging surgery for endometrial cancer management and one case in complicated hysterectomy for treatment of a benign tumour. The rate of vaginal cuff dehiscence was 0.3% (2 out of 585 patients) after robotic-assisted hysterectomies. In a study by Uccella *et al*., the rate of vaginal cuff dehiscence was 0.3% (2/665) after laparoscopic hysterectomies with transvaginal cuff closure.\[[@ref31]\] Uccella *et al*. have also reported that patients who underwent vaginal closure with endoscopic suture (20 out of 2332, 0.86%) had a higher incidence of cuff dehiscence than patients who had suture with the transvaginal approach (3 out of 1241, 0.24%) during endoscopic surgeries.\[[@ref32]\] However, a study reported by Kho *et al*. indicated that the occurrence of vaginal cuff separation after hysterectomy with endoscopic cuff closure performed by the robotic approach was 4.1% (21/510).\[[@ref33]\] Moreover, previous studies have demonstrated that 2-layer suture was associated with low incidence of vaginal cuff dehiscence.\[[@ref34][@ref35]\] In our cohort, vaginal cuff closure was performed using the 2-layer suture method. It may be one of the reasons why the incidence of vaginal cuff dehiscence in our report was low.

These results have led to a conclusion that the suture method may be one of the risk factors associated with vaginal cuff dehiscence. Previous research has indicated that patients who received chemotherapy after operations had a high risk of dehiscence (approximately 3%) as compared to patients who did not (0.4%).\[[@ref36]\] However, in this study, 68 out of 215 oncologic patients (31.6%) received chemotherapy after surgeries, but only one patient experienced vaginal cuff dehiscence.

In this study, all kind of complications is commonly occurred in minimally invasive techniques. No any robotic platform-related complication, such as mechanical failure, was reported in our cohort. In a study of 298 patients who received robotic surgery, one patient who was diagnosed with cervical cancer and initially planned to receive robotic-assisted staging surgery was converted to laparoscopic-assisted surgery due to mechanical failure of the robotic system.\[[@ref18]\] Hence, an incidence of robotic platform-related complication is as low as 0.3%. The limitation of this study is the lack of comparisons with laparoscopic surgery. Direct comparison of our data with rates of robotic and laparoscopic complications is difficult due to the fact that the number of patients who received laparoscopic surgery by the same surgeon during the same period (between December 2011 and April 2015) was limited. However, the strength of this study is to include a large cohort from single institute and to provide a greater perspective on perioperative complications that could potentially occur during robotic-assisted surgery. We collected 203 women who underwent conventional laparoscopic-assisted surgery between 2005 and 2014 for management of gynaecologic malignances, including endometrial, ovarian and cervical cancers. Our unpublished results showed that the overall complication rate for laparoscopic surgery was 6.9% (14 out of 203 patients). If comparing to an oncologic group which managed by robotic surgery in this study, there is no significant difference was found between groups (8.4% for robotic vs. 6.9% for laparoscopic).

CONCLUSION {#sec1-5}
==========

Our results in this study demonstrate that a robotic platform is a feasible and safe approach with acceptable complication rates for management of gynaecological disorders including benign and malignant conditions.
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